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Recently, PCR–restriction fragment length polymorphism (PCR-RFLP) of the urease
genes of Helicobacter pylori was evaluated in a meta-analysis; acceptable discriminatory
indices of the ureAB and C genes were found. In the present investigation, we found a
discriminatory index of 0.95 for 191 unrelated clinical H. pylori isolates with PCR-RFLP
typing of the ureB gene (933 bp), combining the results obtained with restriction enzymes
HaeIII and Sau3A, and a mixture of the enzymes. We therefore find that PCR-RFLP typing
of the ureB gene of H. pylori with restriction enzymes HaeIII and Sau3A is comparable to
typing of other H. pylori urease genes.
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Precise methods for strain characterization of Heli-
cobacter pylori are necessary for epidemiologic pur-
poses and for monitoring of infection (familial or
nosocomial transmissions, treatment failures,
relapses, and co-colonization); various molecular
typing techniques have been studied in order to
evaluate their abilities to differentiate clinical iso-
lates of H. pylori [1]. As described by Hunter and
Gaston, a typing method must have a high dis-
criminatory index [2] if it is to be of value for
unrelated bacterial strains [3], and, according to
recent consensus guidelines, achieve a discrimina-
tory index of at least 0.95 [4]. Recently PCR–restric-
tion fragment length polymorphism (PCR-RFLP)
of the urease genes of H. pylori was evaluated in a
meta-analysis [5], and acceptable discriminatory
indices of the ureAB and C genes restricted with
HaeIII and Sau3A were found. Evaluation of the
PCR-RFLP pattern of the ureB gene was not
included in the meta-analysis; nevertheless,
Clayton et al. [6] found a discriminatory index
of 100% for PCR-RFPL typing of the ureB gene
of a limited number of H. pylori strains using a
mixture of restriction enzymes HaeIII and Sau3A.
PCR-RFLP typing of the ureB gene of H. pylori has
also been reported by Petersen et al. who used
restriction enzyme Sau3A [7]. Furthermore, com-
parison of PCR-RFLP analysis of the ureB gene and
the PCR–direct sequencing methods has recently
been published by Tanahashi et al. for H. pylori,
using the restriction enzyme Sau3A [8].
Accordingly, we found it of interest to calculate
the discriminatory index for PCR-RFLP typing of
the ureB gene restricted with HaeIII and Sau3A for
a large number of unrelated Danish H. pylori
strains, to evaluate whether the discriminatory
indices could attain the levels recommended in
the consensus guidelines. Furthermore, our indices
were compared with published indices for other
urease genes to determine whether typing of the
ureB gene might be useful as a tool for epidemio-
logic purposes.
In total, 210 H. pylori strains were investigated.
The strains belong to a large strain collection pre-
viously described [9]. For the majority of the
strains (191), HaeIII and Sau3A and a mixture of
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the enzymes were used for the restriction analyses.
Owing to lack of material, a few strains (19) did not
undergo complete analysis, i.e. were not cut with
both enzymes.
Clayton et al. [6] have described the method
used. In brief, the primers HPU50 (50-GAACATGA-
CTACACCAT-30) and HPU25 (50-TGGTTTGAGGG-
wGAATw-30) amplify a 933-bp segment of the ureB
gene. Suspensions of each H. pylori strain were
prepared by adding a loopful of bacteria in 1 mL of
sterile distilled water and heating to 99 8C for
10 min. One microliter of the supernatant was used
as the target DNA in the amplification assay, using
the prescribed cycling variables [6]. The amplified
product obtained by PCR was subjected to restric-
tion endonuclease digestion for 2 h at 37 8C in
20-mL volumes with HaeIII, Sau3A, and a mixture
of the two restriction enzymes, as recommended
by the manufacturer. Digested samples were
analyzed by agarose gel (2.0%) electrophoresis.
Molecular size markers VI or a 50-bp ladder
(Roche, Basel, Switzerland) were used.
Hunter and Gaston [2] suggested the use of a
single numerical index (D) to evaluate the discri-
minatory power of a typing method. It is based on
the probability that two unrelated strains from the
test population will be placed into different typing
groups. This probability is calculated by the fol-
lowing equation:
D ¼ 1  1
nðn  1Þ
Xs
j¼1
nj
nj  1
where n is the total number of strains, s is the total
number of types, and nj is the number of strains
belonging to the type.
The results of the digestion with HaeIII are
shown in Table 1. One hundred and seventy-eight
Table 1 Distribution of PCR-RFLP types among 210 epidemiologically unrelated strains of H. pylori and discriminatory
indices: characteristic for PCR-RFLP types with restriction enzyme(s) (Da)
Individual Combined
HaeIII (0.75) Sau3A (0.66)
HaeIII plus
Sau3A (0.90)
Columns 1
and 2 (0.90)
Columns 1, 2
and 3 (0.95)
Type
No. of
isolates Type
No. of
isolates Type
No. of
isolates Types
No. of
isolates Type
No. of
isolates
A 51 A 58 A 10 M1 39 N1 29
B 79 B 9 B 5 M2 30 N2 15
C 3 C 102 C 25 M3 25 N3 15
D 32 D 3 D 20 M4 16 N4 14
E 2 E 16 E 44 M5 15 N5 13
F 4 F 8 F 15 M6 10 N6 9
G 7 G 3 G 17 M7 9 N7 7
O 25 H 3 H 2 M8 6 N8 7
I 22 M9 5 N9 6
J 2 M10 3 N10 5
K 12 M11 3 N11 4
L 1 M12 3 N12 3
M 9 M13 3 N13 3
N 2 M14 2 N14 2
O 3 M15 2 N15 2
P 3 M16 2 N16 2
Q 1 M17 2 N17 2
R 2 M18 2 N18 2
S 3 M19 2 N19 2
U 1 M20 2 N20 2
V 1 M21 2 N21 2
M22 2 N22 2
M23 2 N23 2
M24–M31 1 N24 2
N25 2
N26 2
aD, discriminatory index.
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of 203 strains were digested by this enzyme, mak-
ing the typability 88%. This is in contrast to the
typability of 100% reported by Clayton et al. [6] for
17 H. pylori strains restricted with HaeIII. The 25
undigested strains are designated O. Seven band
patterns were obtained (designated A–G). Types D
and B yielded two bands with band sizes of 800
and 160 bp, and 550 and 390 bp, respectively.
Types E and F yielded three bands with band sizes
of 550, 250 and 160 bp, and 550, 225 and 160 bp,
respectively. Types A and G also yielded three
bands, with band sizes of 390, 380 and 160 bp, and
390, 225 and 160 bp, respectively. Type C yielded
four bands with band sizes of 390, 250, 160 and
140 bp. The reproducibility was investigated for
most strains several times in different experiments
for all restriction enzymes used. The number of
strains in each group, as well as the discriminatory
index with HaeIII of only 0.75, are given in Table 1.
In the meta-analysis of Burocoa et al. [5], digestion
with HaeIII of a 2.4-kb fragment of the ureAB genes
showed a typability of 100% and a discriminatory
index of 0.96 for the experimental data as well as
for the pooled results; however, it is our experi-
ence, as well as that of others, that amplification of
the 2.4-kb fragment could be difficult, due to the
large size of this fragment [10,11].
Sau3A was able to digest all of the 202 H. pylori
strains investigated (typability 100%). Table 1
shows that eight band patterns were obtained
(A–H). One hundred and sixty-nine strains
belonged to groups A, B and C and were identical
to the three types described by Tanahashi et al. [8]
based on the presence of two, one and three
recognition sites for the enzyme, respectively.
Tanahashi et al. considered the B and C types as
variants of type A, and found the fragment sizes to
be nearly identical to the predicted fragments
based on the nucleotide sequence data (total
933 bp), but the predicted 17-bp Sau3A DNA frag-
ment was too small to be detected by the PCR-
RFLP method used [8]. The distribution of the
strains within the three groups (Table 1), with only
nine strains in group B, was in accordance with the
results of Tanahashi et al. [8], who found only
three H. pylori strains belonging to group B. The
other groups (D–H) yielded three to four bands
with a band size of 110–390 bp, and Clayton et al.
[6] have also described some of these patterns for
17 unrelated H. pylori strains. The discriminatory
index of 0.66 for Sau3A seen in Table 1 is low;
however, the indices calculated, based on Sau3A
data published by us and others, were 0.56, 0.57
and 0.55, respectively [6–8]. Indices as high as 0.86
and 0.97 were reported by Burocoa et al. [5] for
fragments of 820 bp and 1100 bp of the ureC gene,
respectively, using Sau3A.
Using a combination of HaeIII and Sau3A, 21 (A–
U) band patterns were obtained for 200 of the H.
pylori strains, yielding two to five bands with a
band size of 110–530 bp. For eight of the 21 groups,
the band sizes ranged from 110 bp to 250 bp, and
the total number of nucleotides was only 770 bp
(mean), compared to the predicted value of 933 bp.
As mentioned by Tanahashi et al. [8], fragments
could be too small to be detected; furthermore,
some bands may represent more than one frag-
ment. Use of a combination of HaeIII and Sau3A
resulted in an increase of the discriminatory index
to 0.90 (Table 1). Unique fingerprints were found
by Clayton et al. for their 17 H. pylori strains with a
mixture of HaeIII and Sau3A [6]. A discriminatory
index of 0.90 was also obtained by combining the
results of HaeIII and Sau3A for 197 of the H. pylori
strains (Table 1). Combining the results obtained
for 191 of the H. pylori strains digested with each of
the restriction enzymes and the mixture, a discri-
minatory index of 0.95 was obtained (Table 1).
According to recent consensus guidelines, a
typing system should achieve a discriminatory
index of 0.95. We found a discriminatory index
of 0.95 for 191 unrelated clinical H. pylori isolates
with PCR-RFLP typing of the ureB gene (933 bp),
combining the results obtained with restriction
enzymes HaeIII and Sau3A, and a mixture of the
enzymes, in spite of a typability of only 88% with
HaeIII. In conclusion, we find that PCR-RFLP typ-
ing of the ureB gene of H. pylori with the restriction
enzymes HaeIII and Sau3A and a mixture of these
is comparable to typing of other H. pylori urease
genes.
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